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摘  要: ????????????????????????????,??????????????
????????????????????????????? 1805 m?????? 5.5 m?????
? 2??????? 2?????????????,??????????(A1? A3)?????????
??????,????? 6~15 µm??,Ti/Al?K/Al? Fe/Al????????????????????, 
???????(A2 ? A4)????????????, ????????????, ?????, Ti/Al?
K/Al ? Fe/Al ????, ? A1? A3?????????, ??????????, ??????????
?????????????? 14C??????? A4????? 42.46~43.53 ka B P, A2??? 15.1~15.3 
ka B P???????????????????????????? CaCO3???????? 
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Characteristics and origin of the Foraminifera-rich sedimentary layers in Shenhu area  
on the northern continental slope of the South China Sea 
LI Niu1,2 and CHEN Duo-fu1* 
1. CAS Key Laboratory of Marginal Sea Geology, Guangzhou Institute of Geochemistry, Chinese Academy of Sciences, Guangzhou  
510640, China;  
2. University of Chinese Academy of Sciences, Beijing  100049, China 
Abstract: Deep-water turbidite and debris flow in submarine canyons can be reservoir favorable for marine gas 
hydrate and deep-water oil, so their discovery and identification could be significant for prospecting of marine gas 
hydrate and deep-sea oil. For sediments in gravity core DH-1 collected in Shenhu area on the northern continental 
slope of the South China Sea at water depth of 1805 m, they are composed of two Foraminifera-rich layers (A2 and 
A4) and two dark-gray clay silt layers (A1 and A3). Major element chemistry and grain size and minerals analysis 
suggest that these dark-gray clay silt layers represent background hemipelagic sediments. The intervening 
Foraminifera-rich layers (A2 and A4), which exhibit a large median grain size range, are debris flow and turbidite 
resulted from bottom current reconstruction. Their relatively high Ti/Al, K/Al and Fe/Al ratios and carbonate 
contents as well as higher median grain size imply a more coarse detrital materials input. Radiocarbon dating of 
hemipelagic sediments indicates that the age of the turbidity in A2 and A4 could be later than 42.46~43.53 ka BP 
and 15.1~15.3 ka BP, respectively. These data indicate that the abundant Foraminiferal brought by turbidite from 
shallow-water and bottom current was reconstructed, and causes the enrichment of CaCO3 in Foraminifera-rich 
layers. 
Key words: Northern South China Sea; Foraminifera-rich; turbidites; 14C age 
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??? DH-1 ????????????????
?????, ????????????????
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1  ????????? 
?????? DH-1 ???????????
???,?????????????(? 1)????
???,???????????????, ???
??????, ?????[10]????? 300~3500 m, 
???????????, ??????????, 
????? 13.6‰, ????? 7°40′, ?????
??????????????, ???????
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? 1  ????????????? DH-1????(?????????[13]) 
Fig.1  Map showing location of the sediment core DH-1 on the northern continental slope of the South China Sea 
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???-??????????[15],?????-??
????????????, ?????????
????, ????????????? [16], ??
???????????, ??????????
??[17]??????????????, ????
????????????????, ?????
????????, ?????????????
??[18]????????? 699 cm? HD133??
?????? 1????(? 127 cm)? 8????
(???? 8~15 cm), ?????????????
??, ??????????????????[19]? 
DH-1 ???????? 2012 ???????
??????????????????????
? 1805 m ????(19°48.7004′N?116°51.5624′E) 
(? 1)?????????? 548 cm, ??? 4 ?: 
???? A1 ?(0~120 cm)??????????
?,A2 ?(120-245cm)?????????????
???????? , ????????? , A3 ?
(245~345 cm)??????????? ,  A4a ?
(345~470 cm)????????????????
?????, ?????????, ??????
???????, ??? A4b?(470~548 cm)???
??????????????????????
??? 2 cm ????, ? 100 g ???????, 
????? 200?????????? 
??????????(XRD)???????
????????? Bruker X-?????(D8 Ad-
vance)??, ?????Cu?Kα??, ?????, 
????? 40 kV, ??? 40 mA, ?????
5°~70°(2θ), ???? , ??? 0.02°, ?????
0.5°, ????? 0.15 mm, ?????? 0.5°, ?
??????????????? , ???
SIROQUANT????[20]? 
????????????????????, 
????? 40 mg?????????? 1 mL HF
? 1 mL HNO3, ???????????????
185 ????? 36 h????, ????????
????, ???? Rh??????, ? ICP-AES
?????[21]?GSR-1?OU-6?1633-a?GXR-2?
GXR-5 ????????, ??????????
?? 5%? 
????????? 10 cm????, ? 54?
??, ?????????????? Mastersizer 
2000 ???????????, ????? 0.02~ 
2000 µm, ??????????? 2%? 
?????????? 6~10 cm?130~134 cm?
228~232 cm?352~356 cm?480~484 cm?544~548 cm
? 6 ??? , ???????? Globigerinoides 
ruber ? Globigerinoides sacculifer ???????
12 mg ?? AMS 14C ????????????
15% H2O2???????, ??????????
14C????????Beta??????Accelerator 
Mass Spectrometry (AMS)????, ???????
? http://www.radiocarbon.com/analytic.htm?????
?????? δ13C ???????, ??????
? IntCal09??? 
2  ?  ? 
2.1  ?????? 
???????????????????
(A1? A3)???????? 6~15 µm??, ??(< 
4 µm)???(4~63 µm)???? 16.7%~37.3% (??
27%)? 48.9%~68.6% (?? 59%), ??(> 63 µm)?
?????? 20% (? 2)???????????
?(A2? A4b)????????? 250 µm, ???
???? 39.6%~86.9% (?? 67%), ??????
??????, ??? 4.9%~25.1% (?? 11.7%)?
7.8%~41.8% (?? 20.2%) (? 2)?????????
????????????(A4a)????????
????, ????????????, ?????
??????, ???????,????? A3?? 
2.2  ????????? 
DH-1??????????????????
??????????????????????
??? Ca ???????????: CaCO3 = 2.5 
[Catot – (Altot × Ca/Alaverage shale)], ?? Ca/Alaverage shale
??? 0.276[22], ??? CaCO3???????(?
2)????? A4b? CaCO3????? 80%??, ?
?? A4a????????? 20%??, ? A3??
?? 20%??, ??? A2???? 80%??, ??
? A1???????? 20%??????????
?????????? + ??? + ?? + ??
?????(? 2)?A2? A4b??????????
??????, ?????????????? 
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? 2  DH-1?????????CaCO3???Ti/Al?K/Al?Fe/Al?????????? AMS-14C???????? 
Fig.2  Depth profiles showing variation of CaCO3, Ti/Al, K/Al, Fe/Al, Zr/Al, mineral composition, grain size and AMS-14C age with depth for core DH-1 
 
Ti/Al?K/Al? Fe/Al???????????
?(A1? A3)????, ????? 0.05?0.3?0.55
? 0.0016 (? 2)???????????(A2? A4b)
? Ti/Al?K/Al? Fe/Al????????????
???, ????????????????(A4a)
? Ti/Al ??????????????(A1? A3), 
? K/Al ? Fe/Al ????????????, ??
?? A3????K/Al?Ti/Al? Fe/Al??????
??????????????????????
?, ??????????(A2? A4b)??????
???, ?????(A4a)K/Al ? Fe/Al ?????
??????, ?????????(? 2)????
? K?Ti?Fe ????????????????
?, ??????????????? 
2.3  ??? 14C?? 
????????? Globigerinoides ruber ?
Globigerinoides sacculifer? 14C?????????
? A1 ??????????????? 1985~2275 
cal. a BP?????????A2???? 15095~15345 
cal. a BP, ??? 22435~22680 cal. a BP??????
A4a???? 43150~44970 cal. a BP, ??? 42455~ 
43525 cal. a BP???????? A4b???????
???????? 43500 cal. a BP (? 1?? 2)? 
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表 1  DH-1 孔浮游有孔虫的 AMS-14C 测年数据 
Table 1  AMS-14C data for Foraminifera in DH-1core sediments 
? ? ????(cm) ??????? 
14C????  
(a BP) 
13C??????? 
(a BP ± 2σ) 
14C????[1]  
(cal a BP) 
DH1-1 6~10 G.ruber+G.sacculifer 2050±30 2480±30 1985~2275 
DH1-2 130~134 G.ruber+G.sacculifer 12770±50 13200±50 15095~15345 
DH1-3 228~232 G.ruber+G.sacculifer 18710±60 19130±60 22435~22680 
DH1-4 352~356 G.ruber+G.sacculifer 40520±510 40930±510 43150~44970 
DH1-5 480~484 G.ruber+G.sacculifer 39170±400 39590±400 42455~43525 
DH1-6 544~548 G.ruber+G.sacculifer > 43500 > 43500 > 43500 
?: (1) ????????? CALIB 6.1.0 ??[23]? Marine 13????[24]?0 Cal. ka BP = 1950 AD? 
 
3  ?  ? 
?????????(A1?A3)???? Ti/Al = 
0.05?K/Al = 0.3?Fe/Al = 0.55?????????
?????(Ti/Al = 0.05?K/Al = 0.3?Fe/Al = 0.52)[25], 
??????? 6~15 µm??, ????????
???????, ??????????????
????[26]? 
?????????(A2? A4b)?????, ?
????? 250 µm, ????????Ti/Al?K/Al?
Fe/Al? Zr/Al???, ????? A1?, ????
??(A2 ? A4b)???????????????
?????????? A4a ??????????
??, ?????????????, ?????
????, K/Al? Fe/Al???????, ????
??????????????????????
????, ???????????, ?? A4a??
??????????? (43150~44970 a BP ?
42455~43525 a BP)? 
??, ?????? A2? A4b???????
??????????(??????????), ?
?????? 80%(? 2), ???????????
??? , ? Dentoglobigerina altispira altispira?
Globoquadrina dehiscens?Globorotaliamulti camerata
? Spahaeroidinellopsis kochi??????????
??????????????????????
?????[17,27]? 
??? CM ???????? 3 ???: ??
????(A2? A4b)? M??? 4, C?? 0~1??; 
?????????(A1?A3)?M?? 6~8??, C
?? 0~4??; ???(A4a)???????(? 3)?
?????? A2 ? A4 ???????????
? [28]?A2? A4??????????, ?????
?????????????????? A2???
?????????, ????????????
??????????????????????
???????, ??????????????
????, ????????????[17,29]???, 
A2 ? A4 ??????????????????
????, ??????????, ??????
???????????(????)???, ??
??????????????????????
????????? , ??????? 60%?? , 
???????????, ??????????
????[18]? 
 
? 3  DH-1???? CM? 
Fig.3  Particle size CM diagram for the DH-1 core sediments,  
whereas C is the particle size for 1% content at cumulative  
curve, M is the particle size for 50% content at  
cumulative curve, i.e., the median particle size 
C?????????? 1%??????; M????
??? 50%??????, ?????? 
 
4  ?  ? 
?????????? 1805 m ??????
?????? 2???????, ????????
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?????? Ti/Al?K/Al? Fe/Al???????
???????? A4?????? 42.46~43.53 ka 
BP??, ??? A2?????? 15.1~15.3 ka BP
????????????????????? , 
???????????????? 
 
????????????????????
??????????????????????
??????????????????????
??????????????????????
??????????????????????
????????, ?????????????
???? 
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